Background: Ethnic differences in the association between body mass index (BMI) and body fat suggest that body composition varies across ethnic groups. Objective: To investigate the association between impedance index -a measure of tissue resistivity -and BMI in adults of different ethnic groups (Asian Indians, West Africans and White Caucasians) living in their native countries. Methods: Male (n ¼ 329) and female (n ¼ 277) adult subjects (18-50 years) living in urban areas in the UK, The Gambia and Pakistan were studied. Body weight and height were measured and BMI calculated. The same leg-to-leg bioimpedance instrument was used in each study and impedance index (height 2 (cm)/impedance (O)) used as measure of tissue resistivity. Results: In women, Asian Indians and West Africans had a significantly greater increase in impedance index per unit increase in BMI compared with white Caucasians (Po0.001). In men, Asian Indians had a significantly lower impedance index compared with West Africans and white Caucasians (Po0.001). Conclusion: Different ethnic groups may have different tissue resistivity for the same BMI indicative of systematic differences in body composition.
Introduction
Several studies have suggested that prediction equations to estimate body composition may not be generalizable to nonCaucasian populations because of systematic differences in body composition (Dudeja et al., 2001; Deurenberg-Yap and Deurenberg, 2003) . These ethnic differences have important implications for the use of body mass index (BMI) to assess nutritional status and predict disease risk. For example, findings from Caucasian populations, suggesting that those with a BMI greater than 35 kg/m 2 are approximately 20 times more likely to develop type II diabetes (Field et al., 2001) , may not be generalizable to other ethnic groups (Deurenberg and Deurenberg-Yap, 2001 ). The human body can be divided into different components (fat, mineral, protein and water) which have specific physical properties and show a characteristic response to the application of a small, electrical current, as used in bioimpedance analysis (BIA) (Faes et al., 1999; Ellis, 2000) . BIA has emerged as one of the most widely used methods to assess body composition because it is quick, can be undertaken in the field and is relatively inexpensive. BIA provides information on the electrical impedance (Z) of the tissues and uses specific prediction equations to assess body composition. These prediction equations have been previously validated against reference measures of body composition (underwater weighing, dual-X-ray absorptiometry). Most of the prediction equations are based on studies from white Caucasian populations (Bioelectrical, 1996; Kyle et al., 2004) and they may be not valid in other ethnic groups.
This study compared the association between BMI and impedance index to identify differences in tissue resistivity and explore its association with body mass in adults from three different ethnic groups (Asian Indians, West Africans and white Caucasians).
Methods
Data from three independent studies of adults living in urban areas of UK (Cambridge), The Gambia (Bakau) and Pakistan (Lahore) were combined, giving data on white Caucasian, West African and Asian Indian populations, respectively. In each study subjects were excluded if they had known chronic diseases (heart diseases, liver, kidney diseases), moderate or severe malnutrition or were pregnant or breastfeeding. Each study was approved by the local scientific and ethical committees and subjects gave their written consent to participate.
White Caucasians (Cambridge, UK) A validation study was carried out between 1999 and 2000 with 142 subjects, aged between 18 and 50 years, recruited through the volunteer database of the research centre. The characteristics of the population are described elsewhere (Jebb et al., 2000) .
Asian Indians (Lahore, Pakistan) Subjects were recruited as part of an ongoing study looking at the effect of poverty, early life malnutrition, and infections on adult health and mortality. Between April and September of 2002, a subgroup of 298 subjects were randomly selected for a study of early life predictors of antibody response to vaccination (Moore et al., 2004) . The measurements used in the current analysis were collected as part of the main study protocol.
West Africans (Bakau, The Gambia) In 2003, 166 subjects, aged 18-50 years, were recruited in the urban area of Bakau The Gambia. Recruitment was conducted within a typical urban population and a house-tohouse strategy was used to recruit a random sample. The characteristics of the population are described elsewhere (Siervo et al., 2006) .
Anthropometry and body composition
Body weight and height were measured using standard protocols and BMI calculated. Subjects were categorized as underweight (BMIo18.5), normal weight (18.5pBMIo25), overweight (25pBMIo30) and obese (BMIX30). The leg-toleg bioimpedance method was used in all three studies (BC-310, Tanita Corp., Tokyo, Japan). The impedance modulus (Z) was measured and the impedance index calculated (height 2 (cm)/Z (O)).
Statistics
The analysis of variance test was used to detect statistical differences between ethnic groups. Multiple linear regression analysis was performed using impedance index as the dependent variable (y axis) and BMI and age as the independent variables (x axis) in subjects stratified by gender and ethnic group. Correlation analysis was performed to estimate the association between BMI and impedance index and the Fisher's Z-test was used to compare the coefficients of correlation (r). The analysis of covariance test was used to analyse the differences between slopes and intercepts of the regression lines. The analysis was conducted in groups categorized by gender (male, female) and choosing impedance index as dependent variable, BMI and age as covariates and ethnic group (Asian Indians, West Africans and White Caucasians) as fixed factor. The interaction term (BMI Â ethnic group) and the fixed factor (ethnic group) were used to test for differences between slopes and intercepts of the regression lines, respectively.
Results Table 1 shows the general characteristic of the study participants. In women, Gambians were heavier (Po0.001) than the other ethnic groups and a higher proportion were overweight (Po0.001). In men, white Caucasians had the highest BMI and the proportion of overweight subjects was significantly different (Po0.001) between the three ethnic groups (50, 35 and 7% in white Caucasians, Asian Indians and West Africans, respectively). In both men and women Asian Indians had the highest mean impedance values, shortest mean height and lowest impedance index of all three ethnic groups (Po0.001) whereas white Caucasians had the lowest mean impedance, were tallest and had the highest mean impedance index (Table 1) . In women (Table 2 ) the slope and intercept of the regression lines between BMI and impedance index were significantly different (Po0.001). In Caucasian women (r ¼ 0.48) the correlation between BMI and impedance index was significantly lower (Po0.001) than Asian Indians (r ¼ 0.79) and West Africans (r ¼ 0.81). In men (Table 2) the slopes were similar (P40.05) but the regression lines had significantly different intercepts (Po0.01). In Asian Indian men (r ¼ 0.75) the correlation between BMI and impedance index was significantly greater (Po0.05) than West Africans (r ¼ 0.59).
Discussion
This study has shown an ethnic difference in the association between BMI and impedance index in different ethnic Ethnicity, body mass index and bioimpedance M Siervo et al groups. The leg-to-leg bioimpedance is a rapid and noninvasive method to assess body composition (Nunez et al., 1997) and this is the first study to compare this method in different ethnic groups living within their native countries. The larger increase in impedance index per unit increase of BMI -showed by the different slopes and interceptsobserved in West African and Asian Indian women compared with white Caucasian women may arise from an increased bone mineral content and/or adiposity -both of which are less hydrated and thus have higher resistance (Faes et al., 1999) . This speculation is supported by previous studies which have shown an increased body mineral content in African populations (Barondess et al., 1997; Wagner and Heyward, 2000) and a higher adipose tissue in Asian Indians compared to white Caucasians (Bose, 1995; Orr-Walker et al., 2005; Bhansali et al., 2006) . Asian Indian men had a lower impedance index than West African and White Caucasian men but as only the intercepts were different this suggests a similar change in impedance index per unit of BMI but a different tissue resistivity for the same level of BMI across ethnic groups. Age is an important confounding factor as it is associated with an increase in the fat mass:fat-free mass ratio (Going et al., 1995) . However, when the analysis was adjusted for age the relationship between impedance and BMI was unaffected, suggesting that the proportion of tissues between groups was unaltered.
Subjects in each population were not recruited using the same sampling strategy and those results do not produce comparable data on BMI or fatness. However, the study subjects are representative of the urban population from which they were sampled and given the sample size, we believe that any bias would have been diluted at the group level and does not affect the validity of the results. Differences in length and circumference of lower limbs may have influenced the measurement of impedance. However, the differences may have been attenuated by the variability in height and body size in the three populations.
This study showed that West Africans and Asian Indians had different changes in impedance per unit of BMI to white Caucasians to the application of a small current used with bioimpedance method. Differences in body composition across different populations warrant further study in order to develop population-specific prediction equations and to better characterize health risks associated with excess body fat. Abbreviation: BMI, body mass index. Coefficients B were significantly different in women and not in men.
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